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A  most  important  constant,  essential  for  many  theoretical  and  practical 
calculations,  is  the  energy  of  dissociation  of  the  different  bonds  in  a  mole¬ 
cule.  The  existing  vast  amount  of  experimental  data  on  the  question  has  been  set 
forth  in  review  articles-^.  Nevertheless  there  dc.j  not  exist  any  general 
theory  which  would  enable  us  to  calculate  this  quantity. 

L.  Pauling-5  given  a  semi -empiric  method  of  calculating  the  bond 
dissociation  energy,  which  takes  into  account  the  electronegativity  of  the  atoms. 
But  uhis  method,  applicable  to  Diatomic  molecules  with  a  covalent  bond,  is  net 
suitable  for  organic  compounds,  since  it  makes  no  allowance  for  the  mutual 
influence  of  the  atoms.  The  weaknesses  of  Pauling's  method  were  pointed  out  by 
A.  F.  Kapustinski^,  who  suggested  a  new  way  of  quantitatively  calculating  the 
electronegativity  of  the  atoms.  More  recently,  V.  V.  Voyevodski5  has  con¬ 
structed  an  empirical  formula  enabling  us  to  calculate  the  dissociation  energy 
of  the  C-C  and  C-H  bonds  of  saturated  hydrocarbons. 

Since  the  known  empirical  relationships  ire  eact?  applicable  only  to 
certain  specified  organic  compounds,  it  seemed  W-us.  worthwhile .» to  final  an 
empirical  formula  expressing  the  interconnection  between  these  dissociation 
energies. 


As  is  well  known,  the  approximate  quantitative  calculation  of  the 
dissociation  energy  cf  a  monoelectronic  covalent  bond  leads  to  the  relationship; 

£  -  kSASB,  (1) 

where  S  is  the  dissociation  energy  of  a  molecule  A-B;  k  is  a  coefficient  of 
proportion;  and  Sg  are  the  strengths  of  the  bonding  orbits.*  Since  this 

relation  i3  derived  for  a  monoelectronic  bond,  we  cannot,  mechanically  carry  it 
over  to  a  bieiectronic  bond,  as  Pauling  has  done.  We  may  however  assume  that  also 
in  the  case  of  a  bieiectronic  bond  the  dissociation  energy  is  determined  by 
the  strength  of  the  bonding  orbits*. 

ErA~RB  "  Sb)>  (2) 


*  By  "strength  of  a  bonding  orbit"  we  me ait  the  maximum  amplitude  of  the  wave- 
function  describing  the  state  of  the  valence-elect,  n  of  a  given  atom  or 
•  radical. 
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where  E-  R  is  the  dissociation  energy  of  a  molecule  R-R 

V  s  'A  ;r 

Let  us  consider  the  dissociation  energy  of  two  series  of  molecules 
R-R.  and  F  Rg,  where  RA  are  certain  specified  radicals  and  R  is  variable. 

On  the  basis  of  equation  (2),  we  find; 

ER-R,  "  %-Rr  s  f'S>  sb)«  (3) 

A  B 

Since  S  is  a  parameter,  then  between  E_  and  EP  -  there  must  exist 

K-R^  rv_  3 

a  well-defined  relationship,  a  fact  which  is  confirmed  by  experimental  <iata^»^. 
Investigating  this  interrelation  between  dissociation  energies,  we  found  the 
empirical  formula.. 
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where  E0  is  an  empirical  constant  depending  on  the  type  of  bond;  c^  and  ec  are 
empirical  constants  depending  on  the  nature  of  radicals  and  Rg. 

To  convince  ourselves  of  the  validity  of  formula  (L),  let  us  compare 

(5) 


the  dissociation  energies  of  the  two  series  of  molecules  R-R  and.  R-R  • 

A  3 


,  -cca.  #  CCB, 

h-Rk  ’  Eo<’-  -  8  )■  •  td  -  »  S' 


Eliminating  c,  we  get; 


ln(l  - 


ER-R  c  h-R 

A)  -  -A  ln(l  -  ^ 
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It  will  be  seen  from  Fig.l  that  with  proper  choice  of  Eq  a  linear 


®R-R 

relationship  between  ln(l  -  — * — -)  and  ln(l  - 


Eo  '  Eo 


-R-Rg 

■)  is  in  fact  maintained, 


At  small  values  of  EL  0  formula  ( 1* )  becomes; 

rtA"rtB 

\'h  “  E°CaCb 


(7) 


and  coincides  in  fonp  with  equation  (1),  derived  from  quantitative  calculation 
of  the  monoelectronic  bond. 

On  the  basis  of  the  above,  we  may  take  it  that  the  empirical  constant 
c  define*,  the  strength  of  the  valence-orbi*  of  a  radical. 

Using  formula  (L),  we  calculated  from  the  experimental  data  the 

following  values  for  c  and  E0. 

-  2  - 


Values  of  c  for  various  radicals  and  atoms:  cyanogen  1.8,  ethinyl 
1.77,  chlorine  1.67,  bromine  1.33,  phenyl  1.1$,  hydrogen  1,17,  vinyl  1.16, 
iodine  1,01,  methyl  1.00,  ethyl  0.93,  n-propyl  0.9U,  n-butyl  0,90,  tri- 
iodomethyl  0.86,  isopropyl  0.86,  acetyl  0.83,  formyl  0.82,  tnbromomethyl  0.82, 
ternary  butyl  0.82,  trichlororr.ethyl  0.73,  benzyl  0.66,  m-xylyl  0.65,  allyl  0,61* 
A-naphthy 1-methyl  0.61*,  P-naph thy 1-methyl  0.61*,  n-xyiyl  0.635,  methy 1-ally 1 
0,635,  o-aylyl  0.62,  tr ipheny 1-me thy 1  0,31. 

Values  of  E0  for  different  types  of  bond;  E^-O  *  133,  -  99, 

jjC-.gr  „  9if  t£  81* ,  Eq”H  -  11*5  kcal/mol. 

The  empirical  constants  thus  found  were  utilized  to  calculate  some 
still  unknown  dissociation  energies.  The  results  of  the  calculation  are  shown 
in  Tables  1  and  2. 

In  conclusion,  we  express  our  gratitude  to  Professor-G,  A.  Razuvayev 
for  hi3  valuable  guidance  in  the  carrying-out  of  this  work. 

Gor'ki  National  University,  Received  November  12,  1952. 
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